Highlights
Introduction

17
Entrepreneurship has been identified as a key solution for future employment.
18
For example, to support the development of entrepreneurial skills, knowledge, and 19 attitudes, the European Commission's Entrepreneurship 2020 Action Plan puts 20 special emphasis on entrepreneurial education [1] . Even though software start-ups up education needs to be taken seriously, as poorly executed education can cause 26 students to distrust themselves, the teacher, and the learning environment.
27
University courses do not often provide students with the chance to see the link 28 between their actions and real-life outcomes, although it would be possible [2] . Factory projects face extreme constraints on schedule and resources, along with 44 high ambitions on the innovativeness and attractiveness of the end product.
45
They offer potential for very high pay-off in the event of success through, e.g., and virtual environments, ii) course design and curricula, iii) learning materials, 57 iv) teacher guidance and v) educational interventions for start-up education.
58
This article extends a previous paper that concerned only the patterns [7] .
59
The remainder of this paper is structured as follows. In Section 2, we discuss 60 entrepreneurship and pedagogical theory. Section 3 describes our research context 61 and approach. The main result, a collection of educational patterns and anti-62 patterns, is given in sections 4 and 5. We discuss the result in relation to theory 63 and a framework for entrepreneurial education in Section 6, and conclude the 64 paper in Section 7. To prepare for this, the European Union's Joint Research Centre's "En- Entrepreneurship education should focus on developing personal attributes 90 and skills as well as tasks [13] . Concrete experience through active participation favourable attitudes towards entrepreneurship. However, Gorman [13] university has more control of the pedagogical content and quality.
107
Several universities have established project-based courses for teaching soft-108 ware engineering, with capstone courses being a typical educational pattern.
109
There are a few recent examples of such courses with special focus on entrepreneur- Self-efficacy relates to the individual's emotional evaluation of their own 124 worth [17, 18] . The belief that one's own actions have an influence is crucial 125 for any learner, and also affects individual response to stressful situations [19] .
126
Therefore, in flexible learning environments, the motivation of students is highly This is followed by coaching and scaffolding, a process where a teacher provides 143 feedback and support, employing meaningful strategies and activities to support 144 further learning. Once a student engages in learning, the support from the 145 teacher is slowly faded and the teacher engages with new learners.
146
In general, the teacher acts as a guide, facilitating the development of 147 expertise, instead of "handing out knowledge" [26, 27, 28] . This emphasis on 148 the students' effort is echoed in situated cognition theory which is intertwined 149 with the cognitive apprenticeship theory. Situated cognition theory posits that 150 while knowledge is constructed by the student, it is always linked to the activity,
151
context, and culture that the learning environment is surrounded by [29] . In 152 general, it is suggested that learning occurs through social interaction and shared 153 language [29] . While students may at first work on tasks individually, it is 154 crucial that interaction with the community and a shared language is formed. • Programming skills of the graduates were not at an adequate level and 175 good programming practices were barely known.
176
• Students lacked knowledge of software architectures and needed more 177 experience in building web applications.
178
• The students' knowledge of modern software processes and agile practices 179 was limited.
180
• Students lacked knowledge about quality assurance methods: behaviour-
181
and test-driven development, continuous integration, and continuous de-182 ployment.
183
• Students lacked administration and maintenance skills. At the time, a major concern for continuing our curriculum reform was the fact 
Data collection and analysis
245
We have collected a longitudinal record of documents and observations that 246 span from the initiation of the Software Factory, and the projects that followed, 247 to this day. Table 1 outlines the projects that form the data set for this study, • Have a team room.
285
• Equip it properly for start-up education.
286
A well equipped office room that exceeds the standard level of classrooms 287 resembles a real workplace and increase the students' ambition. We have put furnished to encourage relaxing, taking breaks, and communicating casually.
292
Pattern 2: Studying is like work
• Create realism by simulating working life.
294
• Require working hours according to local conventions.
295
We give students the freedom to choose their working hours, but expect them to
296
work an average of 6 hours per working day. They can choose between a full 5-day for individual preferences, tends to lead to increased productivity, a safe working 302 environment, and an atmosphere for increased creativity.
303
We maintain norms and standards related to working life practices and skills.
304
Examples of these range from relatively mundane to more intricate. As an • Provide a common base infrastructure for all projects.
317
• Upgrade continuously and stay with latest versions.
318
• Choose technology pragmatically and based on evidence.
319
A common, up-to-date development infrastructure helps students to start projects 320 more smoothly. With this provided, students are required to decide on their editors or personal git work flows, often lead to compatibility issues at some point.
330
Solving these provides an excellent learning experience, yet is not productive at 331 all. • Teachers should encourage self-directed learning.
346
• Think of teachers as participants in the start-up.
347
• Teachers should set their own learning goals.
348
• Guidance is needed to avoid detrimental effects.
349
A C C E P T E D M A N U S C R I P T We encourage such assessment not only as part of formal meetings, but also • Include all project stakeholders in assessment.
389
• Assess learning goals through observable behaviour.
390
• Provide opportunities for expressing personal strengths and accomplish-391 ments.
392
In our summative assessment (c. help students to express their strengths and accomplishments.
398
In our Software Factory course, the learning goals are set to be general enough 399 to apply to all projects, but to allow for them to be tailored to each project.
400
Although it would be possible to focus on group assessment, we have chosen • Learning materials should be discovered and created on demand.
428
• The coach has a key role in highlighting and critiquing potential learning 429 materials.
430
• Maintain a basic set of learning materials common to all projects. Use 431 student-created learning materials in future projects.
432
• Create a culture by collective material maintenance.
433
A majority of the learning materials is created during the project, which empha-434 sises the knowledge acquisition skills of the students. They should also learn to cautions ("do's and dont's") to be delivered to students in future projects.
444
We have found this to be useful and fun: students enjoy writing tips for the • Roles of teachers are defined by the start-up context.
457
• Realism in role naming promotes the role function. and the customer and thus assist the coordinator in customer communication.
467
The most important task for the coaches, however, is to guide the students in • Establish a community of teaching practice.
491
• Teaching staff must coordinate behind the scenes.
492
A C C E P T E D M A N U S C R I P T
• Teaching staff need a safe environment of their own.
493
Whereas students learn by being embedded into their project, the continuous are not meant to be mechanically followed, and we suggest that they, too, need 513 to be learnt by teachers in the same manner as students learn: through activities 514 in the authentic context guided by more experienced teachers. We have discussed 515 some of the interventions in a previous publication [4].
516
Pattern 11: The Project Blueprint
517
• Develop and maintain a blueprint to give structure to projects and enable 518 their enactment with minimal effort.
519
• Address at least project and student selection as well as project start and 520 end activities.
521
A C C E P T E D M A N U S C R I P T
• Customise the blueprint for each project as needed.
522
The Software Factory project phases are depicted in Figure 1 . The process starts 523 with project selection (1) followed by a student selection phase (2). After the held on the last day of the project, followed by the project debriefing session (6). 
Pattern 12: Student Selection As Job Interviews
528
• Adapt start-up job interview elements to student selection.
529
• Even those who are not selected can learn something from the feedback.
530
Unlike most other courses in our department, the Software Factory applies a 531 student selection process before admission. The process mimics some elements 532 of the hiring process we have observed in software companies: hands-on skill
533
demonstrations and an element of character assessment. We ask students to 534 implement a programming task and give a self-assessment of their skills. The 535 purpose is to assess students' ability to perform a basic task promptly and 536 correctly and to be able to make a first formulation of their identity as a software 537 developer. The programming task is tailored to each project and students are 538 usually free to use any programming language. The difficulty level of the selection 539 is set to include all students who are likely to be able to participate meaningfully collaboratively by the coordinator and the coaches based on a ranking scheme.
544
However, selection is not based on a quota -all students who pass the selection 545 are admitted.
546
Pattern 13: Kick-off!
547
• Focus on igniting students' entrepreneurial spirit and starting team build-
548
ing.
549
• The kick-off session is an early and easy opportunity to enhance students' 550 self-efficacy beliefs.
551
Students often meet each other, the coaches, and the customer for the first as signing NDAs. In order not to overwhelm students, the kick-off has to be 556 carefully planned. We found it particularly useful to organize a pre-meeting 557 with students to focus on team building before meeting the customer. We 558 have also combined team-building with a dry run of the development process: 559 using a Kanban approach to define sensibly-sized tasks for carrying out a pizza 560 order, necessitating steps such as learning team members' names, determining 561 tasks, and executing them, giving the students a feeling that they can master 562 collaboration.
563
Pattern 14: Start the Process Engine
564
• Transfer the responsibility of enacting the development process to students.
565
• Keep repeating the basic process until it becomes routine.
566
The first two weeks of the project are critical for transferring the enactment 567 of the process, grooming students into their project roles and transferring in identifying tasks that would create customer value. They must also assimilate 571 a large amount of material. To frame this activity, it is advisable to create 572 time-boxed tasks. In our experience, guiding students to work in pairs has been 573 an efficient way of overcoming disbelief in personal skills, and also acts to balance 574 differences in skill levels. We also observed that rotating the responsibilities 575 among students gives them a chance to step out of their own comfort zone 576 and often results in self-realization of their personal strengths and weaknesses.
577
Noticing this and giving credit to students can positively impact their self-efficacy.
578
Moments of success nourish a positive spirit within the team.
579
In practice, unexpected situations occur that threaten to disrupt the flow of • Put effort into connecting the students and the customer. have intervened to help to focus the discussion.
601
Apart from daily communication, we have encouraged weekly customer 602 meetings where students present their progress, typically through a demo. To 603 make the occasion slightly more formal, the coordinator has also been present.
604
Weekly demos might not be prepared perfectly by students in the beginning.
605
They might fail, and often last-minute changes in functionality have to be 606 implemented. However, the demos tend to improve throughout the project, and 607 experiencing the failures makes it obvious to students that they need to think 608 and plan ahead. It is useful to rehearse the demo internally before the final 609 demo session with the customer, and coaches can help here.
610
Pattern 16: Closure: The Story of Our Project
611
• Hold a debriefing session after the project has ended.
612
• Use a participatory method to build a collective story of the project.
613
• Leave students with a feeling of accomplishment.
614
After each project, we organise a debriefing session for all project participants.
615
Placing the debriefing session after the end of the project helps delineate and 616 separate it from the project, giving students some distance to the project.
617
Debriefings involve a retrospective look at the project both from the customer we believe that being aware of them may be a step towards avoiding them. • Allocating an inadequate space from leftovers.
644
• Failing to equip the team room properly.
645
• Related: Team Room
646
The pointless corner is a team room that no-one wants to visit. A • Simulating the wrong kind of working life.
667
• Treating rules as an end in themselves.
668
• Related: Studying is like work
669
The purpose of imposing rules, such as working hours and required methods and 670 practies, is to create realism and simulate working life. Unfortunately, rules can 671 become detached from their educational purpose and start living their own life.
672
Rules that contribute to realism are motivated because they further learning 673 goals -the ability to improve one's own work environment and to experience the 674 link between the goals and aims of the project and the means of reaching them.
675
Rules must not be mindlessly chosen but must be motivated by their existence 676 in a relevant working life context where they serve a function. If the purpose is to 677 simulate a start-up in a specific domain, the conventions of similar companies in 678 that domain should be followed. Each rule and practice should be motivated by 679 a project need rather than being an end in itself. Rules, methods, and practices
680
should be chosen and adapted because they contribute to the project's goals. • Getting stuck in "approved" tools which are no longer up to date.
683
• Failing to keep support systems in shape.
684
• Related: The virtual development environment; The dream development
We have observed a tendency to try to stick with a certain set of default tools 687 and development frameworks for each project. For some time, we tried to ensure 688 that projects used the same tools and frameworks, but we soon realised that testing. However, these few crucial systems must be kept up to date. Setting 703 them up once and thinking that they will work is a different fallacy that can 704 lead to a decaying development environment.
705
Anti-pattern 4: The dream development environment
706
• Getting stuck in tool selection and evaluation.
707
• Being unable to resist trying new tools for the sake of novelty. 
738
• Avoiding to adjust the curriculum to support the experiential project 739 course.
740
Having a course that is disconnected from the rest of the curriculum means that Anti-pattern 6: The sacred textbook
761
• Requiring students to read a textbook because every course has to have 762 one.
763
Textbooks justify arranging courses on a subject. If there is a textbook, there 764 is one argument less against the topic being suitable for higher education. But Anti-pattern 7: The bureaucrat-teacher
784
• Teachers being disconnected from the project.
785
• Assuming a role of only managing the course paperwork.
786
• Related: Role-play the start-up; The reflective teacher team
787
Teachers must be able to adapt to the style of learning in an experiential course. not be able to do meaningful formative and summative assessment, and they
798
will not understand the project aims.
799
Anti-pattern 8: The takeover-teacher 800
• Teachers taking over the project.
801
• Becoming too engaged in the project goals.
802
• Related: Role-play the start-up; The vanity project; The reflective teacher lead to suboptimal learning and failed projects. Some of these patterns con-818 cern customers, but we emphasise that they are also ultimately the teacher's 819 responsibility, as customers must also be trained and their expectations managed.
820
Anti-pattern 9: The vanity project
821
• Projects that are selected based on attractiveness alone.
822
• Too much politics in the project selection.
823
It is sometimes tempting to select projects that are high-profile and that could • Projects that do not aim for the real desired outcome.
840
• Demotivating students by telling them there is already another plan.
841
For a project to be motivating, it must be believable that the outcome has some 842 impact or value. In some situations, the project carried out in the educational 843 setting is only one of many options that can be explored. This is a perfectly valid 844 approach to learn in a start-up setting. However, when executed badly, this may 845 mean that the educational project does not actually provide any valuable outcome
846
-it is already known that the outcome will be discarded. Miscommunication in an experiential course setting, but we are still exploring that question.
853
Anti-pattern 11: Initiation-expectation mismatch
854
• Projects that are started in a manner that does not support the expected 855 outcome.
856
• Lack of clarity regarding how to work for a specific type of outcome.
857
• Lack of initial communication regarding expectations.
858
The desired outcome of a project must be taken into account when considering that they must let students explore and have fun in the beginning of the project.
869
It may also occur because the customer is afraid to reveal their true goals. In 870 any case, the customer then initiates the project in a manner that leads down 871 the wrong path. As in the previous pattern, we believe the customer's learning 872 is a key factor in ensuring that the initiation matches expectations.
873
Anti-pattern 12: Feeding the strong
874
• Educational interventions and teacher attention placed too much on the 875 most knowledgeable students.
876
• Failing to introduce interventions that balance student team skills. • Customers being disconnected from the project.
913
• Assuming a role of only attending meetings.
914
• Too many or too incoherent customer representatives. • Customers that do not understand that the project ends.
926
• Not being able to adjust to project phases.
927
Since our projects are intensive but relatively short, it is important for the can also be flexible in that regard. Customers need to understand that project
933
A C C E P T E D M A N U S C R I P T will end on the designated date, and students are not going to continue after that.
934
Customers must be prepared to focus on the level of stability and packaging that 935 they require at the end of the project.
936
Anti-pattern 16: The helpdesk
937
• Customers contacting the university for software support after the project.
938
• Failing to properly hand over the project deliverables and assets.
939
It is not sustainable to provide support for customers after projects, even as a 940 courtesy. When the project ends, it is useful to explicitly hand over the project 941 deliverables and any assets and resources that the project has produced or used. providing an answer to our research question. A pertinent question is how the 958 patterns and anti-patterns contribute to entrepreneurship and start-up education.
959
In this section, we discuss our findings with respect to both the contextual and reasoning for how they contribute to start-up education.
975
The (anti-)patterns for the physical and virtual environment and teacher 976 guidance strive to create a learning environment that feels authentic for students.
977
They do not directly contribute to any of the competences, but can be motivated 
